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Fig. 1: Sketch map of the Northern Calcareous Alps of Austria and Bavaria together with the 3 localities mentioned in the text.

between major localities. This diachronism resulted in the

usage of the broader term „Nierental facies" for red and grey

marls and marly limestones of the Upper Gosau Complex

aecording to Herm (1962a) and Oberhauser (1963).

A recent detailed sedimentological analysis by Krenmayr (in

prep.) based on earlier facies analysis work by Butt ( 1 98 1 ) and

paleogeographical reconstruetions by Faupl et al. (1987)

helped towards a better definition and understanding of the

lithofacies of the „Nicrental Formation" as a formal

lithostratigraphic subunit of the Gosau Group of the NCA. In

aecordance with most of the previous authors (e. g. Herm

1962b) we suggest to use the lithostratigraphic term Nierental

Fm. only for Sediments of the Late Cretaceous and Early

Tertiary f illing of the Gosau basins of the NCA. The lithofacial

characteristics, such as the significance of red coloured pelites

and distinetive pelitic intervals interpreted as hemipelagitcs

between turbiditic sandstones and marls, are described in detail

in Krenmayr (in prep.) and Krenmayr et al. (in prep.). In

general, the facies of the Nierental Fm. is interpreted as a series

of marl-rich turbidites of various thicknesses, interstratified

with hemipelagites of high carbonate Contents, deposited in a

slope environment. Depositional depths of the upper to lower

bathyal are interpreted from the foraminiferal assemblages of

the hemipelagites (e. g. Butt & Herm 1978; Butt 1981).

This paper deals with the biostratigraphy of the Nierental

Formation based on calcareous nannofossils, which are

correlated with the existing zonations of planktonic fora-

minifera. Nannofossil investigations were performed on smear

slides and slightly concentrated samples under the light

microscope. Three major localities of the Gosau Group of the

NCAwere investigated (flg. 1): the Lattengebirge area; the type

area of the Gosau Group, the Gosau Valley; and the Garns area

north of Hieflau/Styria.
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2. SAMPLINGSTRATEGYIN

TURBIDITE-HEMIPELAGITE COUPLETS
Deep-water turbidites interbedded with calcareous hemi-

pelagites are a common feature of the Nierental Fm. of the

NCA(Butt 1981). The sediment-gravity flow deposits of the

Nierental Fm. have a great facies variability, ranging from

coarse grained debris flow/grain flow deposits and classical

turbidites with complete or incomplete Bouma sequences to

silt-mud-turbidites. The thicknesses of the pelitic Bouma-Te-

divisions also show a great variability from marlstones only a

few centimeters thin in the Lattengebirge section (Butt 1981)

or parts of the Gams-Kohlhuber section, to abnormal thick

pelitic intervals of a few meters above relatively thin turbidites,

e. g. in the lower part of the Rote Wand section in the Gosau

Valley area (Krenmayr, in prep.). The carbonate content of

these turbiditic pelites, generally ranging between 22 and 65%,

decreases slightly from the base to the top, which is a mirror of

the grain size grading and increasing clay content of the

turbidite Te-division.

The hemipelagic intervals of the investigated sections have

higher carbonate Contents (55 to 85%) than the Te-intervals,

resulting in a significant higher resistivity against weathering of

the hemipelagic marly limestones. Hemipelagic intervals have

thicknesses of 2 cm to more than 50 cm in the Lattengebirge
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section, 2 to more than 60 cm in the Gosau sections and 5 to 30

cm in the Garns sections. Light grev, brownish and red colours

are tvpical for the hemipelagites.

Nannofossil sampling of sections with turbidites inter-

bedded with carbonate-rich hemipelagites is faced with a

twofold dilemma. On the one hand sampling of turbiditic

marls should be avoided because of the great probabilitv of

erosion and mixing with reworked, older nannofossil

assemblages. On the other hand the carbonate content of the

turbiditic marls is more suitable for the preservation of the

nannofossils than the hemipelagic layers - carbonate contents

of about 40 to 50% supply the best preservation conditions in

the studied samples, limiting both dissolution and diagenetic

overgrowths of nannofossils.

The effect of reworking in nannofossil samples of turbiditic

marl layers can be classified broadly aecording to the scale and

age of eroded Sediments: (1) Erosion of significant older (> 1-2

nannofossil zones), mainly lithified strata in the hinterland of

the turbidite basin, resulting in a mixing of nannofossils of

different ages, and (2) subaquaeous erosion and incorporation

of shelf or slope pelites by individual turbidite flows, leading to

the mixing of slightly older (< 1-2 zone) nannofossils with an

autochthonous assemblage.

Within the studied sections of the Late Cretaceous, type 1

reworking is clearly a secondary phenomena, although exten-

sive reworking of Late Cretaceous Sediments is known from

overlying Paleocene turbidites of the Garns basin (e. g.

Kollmann 1964; Lahodynsky 1988). Tvpical nannofossils of

the lower part of the Gosau sequences (Coniacian-Santonian)

are missing almost completely in assemblages of turbiditic

marls of the Nierental Fm. of the three investigated sections,

although erosion of these Sediments has been proven by the

oecurrence of some blocks of older Sediments within debris

flows and slump masses in the lower part of the Nierental Fm.

in the Garns basin (e. g. Kristan-Tollmann & Tollmann

1976). The scarcitv of significant erosion of older Sediments

during the Campanian-Maastrichtian compared with Paleo-

cene Sediments is probablv not only a consequence of the local

paleogeographic Situation of flooding and subsidence of the

NCA(Faupl et al. 1987; Wagreich 1991), but may also be

related to a global sea level highstand during this time (e. g.

Haq et al. 1987), resulting in worldwide general decrease of the

erosional gradient and trapping of the eroded Sediments on

wide shelf areas.

Erosion of type 2 may be ubiquitous within turbiditic

deep-water sections resulting in imprecise dating of zonal

boundaries and nannofossil events, especially those which rely

on the last oecurrence of a marker species. Sometimes

reworking of slightly older assemblages is indicated by a

sudden decrease in abundances and the exclusive appearence of

broken speeimen (e. g. samples 44 and 45 of the Lattengebirge

section, comp. fig. 2). Zonal boundaries which may be strongly

influenced by reworking are especially concentrated in the

Latest Campanian - Early Maastrichtian, where the last

oecurences of marker species like Eiffellithm eximius, Rein-

hardtites anthophorus, BroinsoriM (Aspidolhhus) parca group,

Quadrum group, Tranolithus orionatus, and Reinbardtites

levis define the lower boundaries of the nannofossil zones

CC22c to CC25a in the Standard zonation of Sissingh (1977)

and Perch-Nielsen (1979, 1985).

Bearing in mind these effects of reworking within the

turbiditic marls, hemipelagic intervals of the Nierental Fm.

were preferentially sampled. Effects of reworking should be

minimized in these layers although the action of bottom

currents or dilute „tails" of turbidity currents during the

deposition of these „hemipelagic" layers cannot be exeluded

(BuTT 1981). However, the high carbonate contents of these

hemipelagitic intervals result in stronger diagenetic over-

growths and recrystallizations. Therefore, samples of the

hemipelagic intervals sometimes show a bad preservation

potential with delicate forms strongly recrystallized to the

extent that they cannot be identified safelv any longer. On the

other hand a double sampling test of turbidite-hemipelagite

couplets within small intervals of the sections did not result in a

significant higher biostratigraphic resolution. Despite the

preservational effects reported above, the nannofossil assemb-

lages of turbiditic marls and hemipelagic intervals were very

similar.

Another problem for sampling work arises if the

bioturbation of the hemipelagic layers and the uppermost part

of the turbiditic marlstone packages is very strong. This can

lead to nearlv complete mixing of the different sediment types,

especially in the case of thinly bedded turbidite-hemipelagite

couplets. Differential nannofossil sampling of hemipelagic and

turbiditic lavers is nearlv impossible under such circumstances,

as happened for example in parts of the Garns area sections.

3. NANNOFOSSILB IO STRATI GRA PHY

In general the preservation of the nannofossil assemblages is

bad, although the diversities are rather high; nannofossil

abundances were sometimes higher in hemipelagic layers

because of relatively less admixture of silt and clay fragments

compared with the turbiditic marls. The nannofossil zonations

can be compared with the Standard nannofossil zonation

scheme for the Late Cretaceous of Sissingh (1977) and Perch-

Nielsen (1979, 1985), with some modifications at the subzone

level for the Santonian-Campanian boundary interval by Wag-

REICH (1988, 1992) and for the Campanian-Maastrichtian

boundary interval by Schönfeld & Burnett (1991) and

Burnett et al. ( 1 992). This low latitude nannofossil zonation of

the Late Cretaceous is correlated with the Standard plankton

foraminiferal zonation of the Tethyan realm (e. g. Butt 1981;

Marks 1984; Robaszynski et al. 1984; Caron 1985).

3.1 LATTENGEBIRGESECTION

The Lattengebirge composite section (Herm 1962; Butt

1981; Hagn 1981; Risch 1988) includes the Dalsenalm section

at the eastern bank of the Rötheibach, the Taucherholzstuben-

wee section, and the Wasserfallgraben section. Due to faulting
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in the lower part of the Wasserfallgraben, a considerable part of

the Late Campanian part of the section may be strongly

reduced in thickness or even missing. The biostratigraphy of

the Cretaceous part of the Lattengebirge was dealt with in

detail by Herm (1962a, b, 1981), Butt (1981), and Risch (1988),

based on planktonic foraminifera.

The section Starts at the Dalsenalm locality with Santonian

shelf marls, aecording to the foraminiferal faunas reported by

Butt (1981) and own investigations. The partly covered section

of the Taucherholzstubenweg [elevata zone, Butt 1981) and

the Wasserfallgraben (calcarata to mayaorensis zone) make up

the upper part of the composite section and show the typical

lithology of the Nierental Fm. described above. In the

uppermost part of the Wasserfallgraben a detailed Cretaceous-

Tertiary boundary section with nannofossil and foraminiferal

zonations was described by Herm et al. (1981).

Within the Lattengebirge composite section 3 1 samples were

examined for their nannofossil content (fig. 2). Some samples

were also checked for planktonic foraminifera, especially

around the Santonian-Campanian and Campanian-Maas-

trichtian boundary.

The section of the Dalsenalm Starts with grey shelf marls

incorporating sandstone tempestites of the Lower Gosau

Complex (Faupl et al., 1987) lying slightly discordantly over

sandy limestones of probably Early Santonian age. A
Santonian age of the shelf Sediments is proven by the presence

of nannofossils indicative of the nannofossil zones CC16 and

CO7a, together with the planktonic foraminifera Dicarinella



asymetrica and Sigalia decoratissima (Butt 1981). The lower

boundary of the Campanian can be recognized with the help of

the first occurrence (FO) of the planktonic foraminifera

Globotruncanita elevata, still associated with Dicarinella

asymetrica, in gray marls about 35 m above the indurated

limestones. As in the section of Gosau (Wagreich 1988, 1992)

the FO of G. elevata is recognized within the nannofossil

subzone CO7b, a few meters above the first occurrence of

curved morphotypes of Luaanorbabdus cayeuxii. The foll-

owing Campanian part of the section (Taueherholzstubenweg,

base of Wasserfallgraben) is strongly covered and disturbed by

faulting. No detailed investigations were made within that part,

although zonesCC19 toCC20 havebeenfound.Thetop of the

Campanian is taken at the level of the last occurrence (LO) of

the planktonic foraminifera Globotruncanita calcarata (e. g.

Marks 1984; Robaszynsky et al. 1984). This event falls within

nannofossil Zone CC22. Above this, a succession of nanno-

fossil zones CC22c to CC23a was recognized up to 60 mbelow

the top of the Maastrichtian. Here, the top of zone CC25a

follows immediately above zone CC23a - zone CC24 is mis-

sing completely, probably due to normal faults running

oblique to the sampled section. Above the faults the section

continues up to the Cretaceous/Tertiary boundary as it was

described by Herm et al. (1981). Due to the rather long

sampling interval, the topmost nannofossil zones of the

Maastrichtian (CC26a, b) were not found during our study.

3.2 GOSAUSECTIONS

Published nannofossil investigations in the Gosau area are

concentrated on the Lower Gosau Complex up to the Early

Campanian (Wagreich 1988, 1992) and the Cretaceous-

Tertiary boundary interval in the Elendgraben SWRussbach

(Preisinger et al. 1986; Lahodynsky 1988). Kupper (1956) and

Wille-Janoscheck (1966) indicated a Campanian to Maast-

richtian age for the Nierental Fm. in the Gosau area by means

of planktonic foraminifera. Two sections were chosen for

nannofossil sampling: the Elendgraben section southwest of

Rußbach (Wu le-Janoschek 1966; Lahodynsky 1988) and the

Rote Wandsection 1.5 km E of the Zwieselalm (Küpper 1956).

Detailed nannofossil sampling in the lower part of the Elend-

graben section resulted in the recognition of several major

faults. Therefore, only the Upper part of the Elendgraben

(starting 1 140 mabove sea level) below the K/T-boundary site

could be used for biostratigraphic zonation and is reported

here. The most complete section of the Campanian elevata
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Fig. 3: Distribution of nannofossil marker species in the Nierental Fm. of the Elend-

graben section of the Gosau Valley. Explanations see fig. 2.
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Fig. 4: Distribution of nannofossil marker species in the Rote Wand section Wof the

Gosau Valley. Explanations see fig. 2; lithology and Symbols See fig. 3.

zone to the "middle" Maastrichtian is situated in the gorge of

the Rote Wand, where Küpper (1956) has already found the

Late Campanian calcarata zone. The section up to the K/T

boundary in the Rote Wand gorge described by Lahodynsky

(19S8) was not sampled due to faulting.

The Elendgraben section (fig. 3) Starts about 170 mbelow the

K/T-boundary within zone CC22c?, indicative of the

Campanian-Maastrichtian boundary interval and the Early

Maastrichtian (Schönfeld & Burnett 1991). However,

Etffellitbus eximius, whose LO defines the base of CC22b, is

still present in these samples, ranging well above the LO of

Remhardütes anthophorus. This anomalous distribution of E.

eximius was only observed within the Elendgraben section and

may be due to reworking. A distinct, about 40 m thick, red-

coloured interval, dominated by hemipelagic Sedimentation, is

present from the top of CC23b to the base of CC25a, about

95 mbelow the K/T boundary.

The Rote Wandsection (Fig. 4) begins with gray marls of the

Early to Mid-Campanian zone CC20 and was sampled up to

230 mabove the base, which is Earlv Maastrichtian according

to markers indicative of the nannofossil zone CC23b. G.

calcarata has been found 145 mabove the base, which corres-

ponds to the nannofossil zone CC22ab. A red hemipelagic

interval, about 50 mthick, very similar to the red hemipelagites

of the nearby Elendgraben section, Starts in the upper part of

CC22ab. The top of this distinct lithological unit, regarded as a

lithostratigraphic marker horizon within the Nierental Fm., is

already documented in zone CC23a in the Rote Wand section,

2 nannozones below the top of the red interval in the Elend-

graben section. This points to the existence of highly

diachronous (about 1-2 Ma) lithofacies boundaries within the

Nierental Fm. of the Gosau area.

3.3 GAMSSECTIONS

In the Garns area the second Cretaceous-Tertiary boundary

site was found within the Gosau localities of Austria

(Lahodynsky 1988). The sections investigated during this

study are situated in the west of the K/T site in northern

tributaries of the Gamsbach: the Schweinbach section (gorge E

of farming house "Sommerauer" of Kollmann 1 964, Kristan-

Tollmann & Tollmann 1976, 1991), and the Kohlhuber

section (gorge and western tributaries east of farming house

"Kohlhuber" of Kollmann (1964); W of farming house

"Sattelbauer"). The Schweinbach tributary provides a conti-

nuous, although partly covered section within basal

hemipelagites and following thin turbidites interbedded with

hemipelagites of the Campanian elevata zone to the Late

Maastrichtian mayaorensis zone of the planktonic fora-
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anomalous ränge of this species with a LO well above the LO
of Reinhardtites antbophorus can be provcn in the Elendgra-

ben section. In the Lattengebirge section, the exact position of

the LO of G. calcarata could not be proven, probably due to

faulting in this part of the section. According to Butt (1981),

G. calcarata has been found at the base of the rurbidite-

dominated part of the section, which can probablv be corre-

lated with nur samples No. Lg7 or 9h. Sample Lg7 (nannofossil

zone CC22b?) still contains a Late Campanian foraminiferal

assemblage with Globotruncanita subspinosa, whereas Lg9h is

already characterized by an Early Maastnchtian assemblage of

Rugoglobigerinas without G. subspinosa and nannofossils

indicative of zone CC22c.

A detailed correlation within the latest Campanian to Early

Maastrichtian subzones of CC22 is also hindered by the fact

that the FOof Reinhardtites levis, defining the base of CC22b,

could not be precisely dated, due to overgrowth and

recrystallisation processes in carbonate-rich samples, which

make the differentiation of R. antbophorus and R. levis very

difficult. Only large (> 10 um) Reinhardtites with a completely

closed central area were grouped into R. ct. levis. As R. levis

evolves out of R. antbophorus by an increase in the size of the

elements which subsequentlv close the central area (e. g. Prins

& Sissingh in Sissingh 1977), this definition is quite arbitrary

and the FO of R. levis is not used as a reliable marker event

during this study. That is why the subzones CC22a and

CC22b are grouped together.

Plate 1 Nannofossil marker species of the Campanian - Maastrichtian ot the Gosau Group

All figures with crossed nicols, except Fig. 1 with S0
C

crossed nicols

Fig. 1 M.irtl\istcntes furcatus (Detlwdri, in DEFLANDRE& Fert 1954) DEFLANDRE, 1939. Probe LI 8, Lattengebirge.

Fig. 2 Lucianorhabdus maleformis Reinhardt, 1966. Probe L IS, Lattengebirge.

Fig. 3 Lithastrmus ct. grillii Stradner, 1962. Probe EG35h, Elendgraben, Gosau.

Fig. 4 Lucianorhabdus cayetixii DEFLANDRE, 1959. Probe L1S, Lattengebirge.

Fig. 5 Calculites obscurus (Deflandre, 1959) Prins & SiSSiNGH, 1977. Probe GAM131 (calcarata horizon), "Kohlhuber" section, Garns.

Fig. 6 Lucianorhabdus cayeuxii Deflandre, 1959 (ssp. B of Wagreich 1988). Probe L18, Lattengebirge.

Fig. 7 Broinsonia (Aspidolithus) ef. parca parca (Stradner, 1963) Bl'krv, 1969. Probe EG35h, Elendgraben, Gosau.

Fig. 8 Broinsonia (Aspidolithus) parca constneta Hattner, Wind & WlSE, 1980. Probe GAM131(calcarata horizon), "Kohlhuber" section,

Garns.

Fig. 9 Broinsonia (Aspidolithus) parca constrieta Hattni r. Wind & Wisi , 19S0. Probe EG90h (calcarata horizon). Rote Wandsection, Gosau.

Fig. 10 Rucinolithus sp. Probe EG lS6h, Rote Wand section, Gosau.

Fig. 1

1

Arkbangelskiella cymbiformis Vi KSH1N \. 1959 (small speeimen). Probe LG43h, Lattengebirge.

Fig. 12 Arkbangelskiella cymbiformis Vi KSHINA, 1959 (large speeimen). Probe GA17, Sehweinbach section, Garns.

Fig. 13 Ceratolithoides aculeus (Stradner, 1961) Prins Sc Sissingh, in Sissingh 1977. Probe EG35h, Elendgraben, Gosau.

Fig. 14 Quadrum gartnen Prins & Perch-Nii i SI n, in Manin i t et al. 1977. Probe EG 186h, Rote Wand section, Gosau.

Fig. 15 Transitional form between Qu. gartnen and Quadrum gothicum (DEFLANDRE, 1959) Prins & Perch-Nielsen, in Maniyit et al. 1977.

Probe EG77h, Rote Wand section, Gosau.

Fig. 16 Quadrum sissinghii Pi RCH-Nni sin, 1986. Probe EG35h, Elendgraben, Gosau.

Fig. 17 Quadrum trifidum (STRADNER, in STRADNER& Papp 1961) PRINS & PERCH-NlEl si n, in MANIVTT et al. 1977. Probe EG90h (calcarata

horizon). Rote Wand section, Gosau.

Fig. 18 Eiffellithus eximius (San er, 1966) Pi RCH-NlELSEN, 1968. Probe L6, Lattengebirge.

Fig. 19 Reinhardtites antbophorus (DEFLANDRE, 1959) Perch-Nii i m n, 1 468. Probe EG35h, Elendgraben, Gosau.

Fig. 20 Reinhardtites ct. antbophorus (Deelandre, 1959) Perch-Nielsen, 1968. Probe L18, Lattengebirge.

Fig. 21 Tranolithus ononatus (Ri INHARDT, 1966) Perch-Nielsen, 1968. Probe EG lS6h, Rote Wandsection, Gosau.

Fig. 22 Reinhardtites levis Prins & Sissingh, in Sissingh 1977. Probe EG90h (calcarata horizon), Rote Wand section, Gosau.

Fig. 23 Micula d.praemurus (Bl rr-i, 1973) Stradner & Steinmetz, 1984. Probe LG43h, Lattengebirge.

Fig. 24 Micula sivastica Sir \dni k Sc Si i INMETZ, 1984. Probe EG77h, Rote Wand section, Gosau.

Fig. 25 Ltthraphidites praequadratus Roth, 1978. Probe EG42t, Elendgraben, Gosau.

Fig. 26 Ltthraphidites quadratus BRAMLETTI & Martini. 1964. Probe GA17, Schweinbach section, Garns.

Fig. 2" Micula rnurus (Martini, 1961) Blkrv. 1973. Probe GA17. Schweinbach section, Garns.

Fig. 28 Ceratolithoides kamptneri BRAMI i n i Sc M\rtini. 1964. Probe EGlS2t, Rote Wand section, Gosau.

Fig. 29 Transitional form between .1/. murus and Micula prmsii Perch-Nielsen, 1979. Probe GA17, Schweinbach section, Garns.

Fig. 3C Broken speeimen of Micula prmsii Perch-Nielsen, 1979. Probe EGlS2t, Rote Wand section, Gosau.
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